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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor laser of a 
long wavelength band having a low threshold and a high 
characteristic temperature. 

SOLUTION: This semiconductor laser element 10 is formed as a 
single or multiple quantum well structure having a high strined 
GaxIn1-xAs1-ySby well layer (wherein 0.003 y 0.008) in an active 
layer. This laser element comprises a laminated structure of, for 
example, an n-type QaAs (n=1 x 1018 cm-3) buffer layer 14, an n- 
type In0.49Ga0.51P (n=1 x 1018 cm-3) clad layer 16, a GaAs light 
confinement layer 1 8, an SQW active layer 20 having a GalnAsSb 
single quantum well layer, a GaAs light confinement layer 22, a p- 
type In0.49Ga0.51P (p=1 X 1018 cm-3) clad layer 24, and a p-type 
GaAs (p=3 x 1019 cm-3) contact layer 26 sequentially film formed 
on an n-type GaAs substrate 12 in plane (100). The SQW active 
layer has one of Ga0.61In0.39As0.9968Sb0.0032 quantum well layer 
having a compression strain of 2.82% and a GaAs barrier layer, and 
the well is 7.3 nm. 
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m-3) O^V KB 1 6 % G a A s C&tf>Jl 18, G 
a I n A s S b f -IT #Ff $ ^ S Q WSftf 2 
O. GaAs3tH:Mi22, Rlfp- I n 0 .49Ga 
0.51 P (P = 1 xl O 18 c m~3) ^7^Ki2 4, p - 
G a A s (p = 3x1 O 19 c m-3) 13 hf260 
8B«3t**T*-&o SQWSttBtt* ES§^2. 8 2% 
OGao. 61 I no. 39A so. 9968S bo. OOSaST^P^O 
— Jf£. GaAsBIl^bS^^ #Ff*7. 3 
nm"efc& 0 
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10 £&i*fl&«i(D¥SW*u— »f£*a>xe$^>v/u«j6 

12 n-GaAs (iao)©£& 

14 SStO^/i mtOn-GaAs(n=1 x W"*cn\-*)/*z/ 77f2 

16 K£l.5//m<Dn-lno.49Gaa5iP(n=1 x io 18 cm- s )£ 7-? KS 

18 EIS0.1 jim©GaAs3£HCiWbJB 

20 BEteS2-82960>Gaoj9i!no^9AsoOT8Sl>Oj0032J^— fi^#F@$^-T 

SSOWSttJB 

22 SSao.lx/m©GaAsSfcEBt;&£)B 

24 S?^1.5xi m(7)p-lno.49GaD^>iP(p = l x 10 ia cm~ 3 )^ 7 -7 KS 

26 SSU)^i/mO>p-GaAa(p=3xi0 19 cm" 3 )3>^^ h@ 



(2) 



ftffl2 002-1 1 8329 



[SUfcUl] QaAsSfiit, ft*%±t brEHtm 
t. ftZmC&lto&t^v KJf££*rL, S6ifeLfc3fc* 
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1<0. 0 3) t*t W-Xtt>IM#Ptai: L 
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ftSJlA*, GaNyAs)-, (0<y<0. 0 5) HirL 
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O. 03, 0. O02Sy2^O. 06) S^GaAs 

u-ifi^roM^af & o t, 

ft fiSMit £ * ft***iB{*H 0ttBB£ £ J££M 
Lfc{£, Ga x l ni- x A si-yi- y 2NyiS b y 2#F^0) 
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a x l ni- x Asi- y i-y2NyiSby2#P^ ({BL, yl 
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C 2 ] F. Koyama et a I . , I EEE Photon. Techno I . Lett. , vo 
I. 12 (2000) pp. 125-127 
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(DmmmvtoZo **»si. 2^m«o>tt^cDi^giG 

a I nAsf#(*l/-flT4 0lt B 3 

■Tcfcdl^ n-GaAs (100) iSfi4 2±|I, Jl 
ilO. 2/imOn-GaAsA*77 
7144, 111. 5//m0n-l nGaP^77Fl 
46, HO. 1 3 |/m<Z>Ga A s%B)C&ti>J|4 8. 
Ga I nAsittiSO, MJ^O. 1 3/imCDGaAs 
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[0 0 0 7] Ga I nNAs^lftU-flK' 
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Ga I nNAsIlt B?-¥80>'J*£ I* N £<§J$tc§?1£ 
ttffllT?fi£SLat^. 3«7c«ftLtL*5 4t^HH 
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[0 0 0 8] CCDcfc5*IIWlce^ ^XmODSNf^ 
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[0 0 O 9] 

v/i i iits»<t4, jHtiueB<-r*. » 

>h [3] <tli. Sb, Te. Sn^CO. iI(w{i«rL 

gi£/]*£< LT3*7cj£S£fflML«fc3£t*5*&-Cfc 
dtS*ai*MBE. MOCVD^t'^l), 
C 3 ] H. Cope I et al., Phys. Rev. Lett, vo 1 . 63 (1 989) p 
p. 632-635 

v~-7T<7$> h*m**»«<Djas*5t-ew\ nmm 

i ML^jgTifeP-tfcsg-r^o but. mwrnztftM 
*i±^o K3iHa)jafi(Df5rzi4-9— -?7tz> h£i£An 
-e-f. ^^a>^co««r*^s^i±^o o*y % til 
<d«sob. ?7**>n** aa®fc(g#f lt. 
Bifo)x tf$ ^-wujssji latest y i\, 
[ooi o] *«ipj#tt. BiiO)«fi|IH:lf-77* 
*>h*T*B±l=»B**©T?l*ft<. IlI^^I 

-r«Biz* i i \ mt&iz^ vtmto. 2%~2. 5% 
gs<z>«/hSo>s b&&im-?&zt. o*y % 1. 2^ 

m?j?(7)Ga I nAsg^iftl/- IfSt^-eiiG a I nA 
sSbi^ 1. 3^m^0)Ga I nNAs^fftb 
— if*T"ei*G a I nNAsSbl^I^^CiS 

[001 1 ] ggjgn 

5t-f. useyi^LT. **asi. 2 /i m^co^sf* 

U— if*^*ff»-r*f-a/iy. IlGa I n 0 .39As 
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*>!::. Ga I n 0 .39Asl^Sb^t4H^fTO 
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tzo *m&iT~\t. m4iZ7r^£5\Z K n-GaAs (1 

oo) ®s«6 2±ic % MBEai^^r, mm 

0. 2 y m(D n — G a A s ( n = 2 x 1 0 1 7 c m -3) , < 
*y?7jf 6 4. HO. 2 5 //m(Dn — I no. 484 Ga 
0.516 P (n = 3 x 1 0 17 c m-3) ^77KI66, ^ 
J?0. 1 3 U mCOG a A s £&#>^l 68 % Ga I n 
0.39AsSb/GaAs JH-M^P^ttJl 7 O . mW- 
0. 1 3//m(0GaAs^CiXfel72, Stfil 
0. 2 5 /im<Dp - I no. 484 G a 0. 516 P ( P = 5 x 
1 Ol7 C m-3) KJf 7 4£j£mL. hWltit 

il(*6 0SMLfco ft. M B E j£ |Cft*.T\ MOC V 

[0 0 1 2] Ga I n 0 .39A sm-ST#FPI*. E$S 
Ga I nAsSbl^S^ttlt 

Ga 1 nAsSb^pl0M 

cc:t*. ash 3 wph 3 f* % mmzsmt zmz i 

OOOU'M (*^*>^) LT{£$£LTl>So 
[0 0 1 3] ®5I4. :7* (PL) & 

-So @5*>b. SbliiS^Ga I n AsJKDJ&gd^a 
■efcy, StBt^P L&g£#§fe#>|Cl*. 2x10-7 
TorrfeLhSxl O^TorrJilTHgtf) 3? ^ ^ S b £ 

[o o i 4] jgKggg 



H@&#)2 £ LT. SbOGa I n A s #Fjf^<Dlfc U & 

GaAsSbfflW+v^^SUt, GaAsS 
bM+CDS bO^mm (%) SIB'*. S6fC^0>e^* 

^Lfco HH^l2-e<DjSSilJS. ash 3 a>y^y<p 

X. atf«*aai4, St^lCDGa I nAsSb^p 

b(4, ^6 IZT^-Tcfc^f^. 5 x 1 0-6TorrO>^^^^X 
^T-S^ii^T'Ga AsKl^^UiX*n/co -CDS 
3Ltf % I nGaAsSbifOSbiSii-r'ftlxtffi 
^Lt, Ga I n AsSb(&a^#£itg:L*:eil£ 
BS+IZsM". Cttfg. AEc=0. 7AEg«tLTft 
iLLfco SbO)77 4 ^Xii<2x1 0-6Torr*T*l4. 

Ga I nAsNSbI(D^IS#li 

^77^$0AsH3 
Ga I nAsNSbtpfMI 
[OOI 6] #FJ1I4. Sb36<^**tTU3ftl^#. 

^MA<2. 7% (Ga I no. 39 A s No. 0044) Trfcy. 

^ftMI?l47. 3nm£Lfc e RFlc^yiSSL 

£i±&/c#>|:: % Ga I nNAsSbKD^ltl;, 



^2. 8%£l*5#«|Z^<D»»-Cfc<& 0 cc-ci*. 
*a*ft*#l!LT. fi^PH(DSttMI5*7. 3n 
mdrLtco Sis G a I n As/GaAsil:oi\T, J. 
W. Matthews&tM. E. Blakes leeCDBS^MHi: I n$fij££. 

*SR"CI** JsTFtWMt^Ga I n 0 . 39 As*— 
F/=514^IC(0^S b S^^DLTG a I nAsSbf-I 
^#F»*»fiELfc. fit, SbO)777^X (Tor 
r) £a*^*T. Sb(D77*;*Xl©7th;b5* 
»V42>X (PL) «#tt*BK % 0 5fZ^-r$£m*# 
fco H* 7^*** (Torr) «[ % »«|ZA»"T*»*» 

: 9. O x 1 0~5Torr 
: 4 4 O^ 

: 8. 5x10 ~5Torr 
: 2. 1 x/m/h r 
tWtJt«ftAl^-a**Lfc. PL]IKtfttS<« 
£2x1 0~7Torr (SIKffil 1 #^) "CI*. G a I n A s 
S bfg<7)$&J$liG ao. 61 1 no. 39 A so. 9968 S bo. 0032 
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<. Ga I nAsItl^^fk »-77»»h 
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0"7Torr % *f&:fc>*u O. 3%iil±0. 8%JaT<7>K 
i<DS b^^i^lMItfe^il^^o 

[0 0 15] SIBt«3 
H88!l3tLr, &T<7>j£fi3H*T*. Sb(D77^^X 
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:460t 
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^Xlft#ttS^f 0 @7^b, 5 x 1 0-7 To rrJa±1 
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(b) 2x1 O^Torr&tf 1 x 1 0"6To 
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|C. 3^7Cfi£^L. 1 x 1 0-6 To rrO)S b 77 4 ^Xi 
t^llfcSQWlt 13 8 (b) \Z7f;T£.5l~. ffiWlz 
2&7cJ$gLTl*£o 08 (a) £ (b) £<D£t&fr 
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3 &7t f&m^&it? & g^il £ * £ < TP £ * Z £ tffl] 
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i%d. 3 vrn&&mm~?&<r>iz&W:Um'^<nuML) 
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*7?KJi*0. 25/im, G a A s3fcffli;&#>B£ 
0. 1 jt/m. GaAs/\*'J7ifO. 0 3/im, SQW 
SttJl£7. 3nm. GaAsA'JTl^O. O 3 /i 
m. Ga A s^HC^iS 0. 1 m. Stf p - I n 
0. 47G ao. 53P^^^ KI^O. 25//mS, C0>JHJ? 

J^^Lfro SQWjfl* % Ga x I ni- x Ni- y -o.016 A 
s y Sbo.016 XWttfLZtlTl^&o 

[0024] #wmRzfw&m<»tfLm^&£4eo o ct 

L. Ga I n N A s (Sb) #pHCD I n$&J$£3 7% 
<t L. Ngtfi^ 0. 0 5 c cm. 0. 1 O c cm. 7k.T£ 

0. 1 5ccmlC^^t, ^fc, I n*§j££3 9%<£: 
L. NS^i^ 0. 0 5 c cm. &1/0. 1 0 c c rnl::^ 

$SStt£fa±£l*&*:tf>(:i. N2#l^t'500-7 

oot-ci o#M»«i3g*ifcLfc. fir, **x*>#f 
a * *r*r & u— tf « it o p l w p l £ sag 

1. aise«£H9a>^:7 (1) *>t> (s) citfl 
tz 0 msit. mmzpLfcg: (//m) mmz 

PLM (%) JKotl^T* PLM(DX£ft#S$ 
^Ltt^o ffi. H9<7>««0>PL»Jgtt. «*«££Jt 
«T?«S*tTl**o 090^77 (1) (5) 

[ii ] 

G a A s'<UT : I n 3 7 *>> N$gS0. 0 5 c c m 





&5 


PLM 


( -c) 


(^m) 


(a. u. ) 


500 


1.223 


0. 69 


550 


1.212 


0.99 | 


600 


1.192 


1.7 


650 


1.181 


1. 58 


700 







[S2] 



(6) 



&ffi2 002-1 1 8329 



GaAs^'JT : I n 3 7 96s NeSS 0 . 1 0 c c m 









( 


C^m) 


(a. u. ) 


500 


1. 263 


0. 43 


550 


1.252 


0.47 


600 


1. 232 


0.9 


650 


1.211 


0. 81 


700 














( ^) 


C/im) 


(a. u. ) 


500 


1.338 


0. 04 


550 


1.312 


0.06 


600 


1. 28 


0. 17 


650 


1.266 


0.28 


700 


1. 246 


0.56 



[$4] 

G a A s '< ') T : In3 9X, NStS 0 . 0 5 c c m 









( t) 


(#*) 


(a. u. ) 


500 


1.255 


0.54 


550 


1.249 


0. 54 


600 


1. 23 


0. 74 


650 


1.218 


0. 49 


700 







[$5] 

G a A s '< 'J T x I n 3 9 %^ NWtM 0 . 1 0 c c m 









( -c) 


(#a) 


(a.u.) 


500 


1.286 


0. 28 


550 


1. 281 


0.2 


600 


1.257 


0.44 


650 


1. 238 


0.54 


700 







[0025] m%L<n%mm&m?ztiz*Li). -pi-hji, 
s^^-tz>x (pl) &m*. m^^mm^m^^ 

xt°^^v^;U^^1±fc^^ (as-grown) 0it?^4 



l:, GalnNAs (Sb) #pJI0/<> ^ V ^li 
S^S^b-T^o fllittf. I n)fl«3 71 N = 0. 0 5 

7 (1) Ic^LTfc^o <f^Z? (1) ^t>fiJ^iiy. as 
-grown -e<Z)Stfili. 1 . 222jUm, 5 5 0°C<J)f&$&S 
"CI. 2 1/im, 6 5 0t:(7>|^«l31-C1 . 18/imt35: 

[0026] ^9 (Z^-Tct 3 I". GaAsA'J7U-!f 

PLIIOU- *f*$fig<DPL&gli. PL»fi1. 2// 
m0)Ga ! n N A s (Sb) #F Jl l^tt^T^ L < 1£T 
Ls *#i::#pJf0) I nlfi^7b<3 7%. N3£S#0. 1 5 
ccmCDig^ (3) iC^-TcfcafC. PL3£J£(* 

20»fl)1 lr3S'>LTL*5 0 PL&gttM'JX*. C*t 

[0027] t:t% GaNAs^'JTitLfcWT 

m$ffi&:Tt&^t£&nLtzo n-GaAs (100) 
@IS±|:n-GaAs/^777l^O. 2 u rru n — 
I no.47G 8 0. 53 P 4 ^^^ KH£0. 2 5j/rru G a A 
stftmCj^tbm^O. 1//m, GaNi-y As y A'U7 
ISO. 0 3//m. SQW;£ttJf£7. 3 n itu GaN 
1- y A sy 71^0. 0 3iim, G a A s jfcEB 
i6i^O. 1 //nnu p — I no. 47G ao. 53P^^ % ^ 

KJf£0. 25/im^ C0>JI(iJ?T% IH*. J£g£-fe!\ 

[0 0 2 8] SQWjfl*. GaAs/^J7U-f8Jli: 
EJflH^ Ga x I ni-x Ni- y -o. 016 As y S bo. 016 
~Qffif&t!tlTl^& 0 I n$fi/?£ ( 1 - x) £3 5%A^b 3 
9%*T% ^b£i*T. S*0)SQWji£^j£U Ga 
Nh-y As y /^'JT^CON^^^-ttlCj^CTO. 6 6 
8%£"C (N2 3Stfi-Cs Ot O. 05ccm 
*>t>0. 15ccmn0 Sb^t, /^'J71^ 

[0029] Ga I n N A s (Sb) #Flf 0) I n ISjijt 
£3 7%£U NiSfi^O. 3 3%^b1. 8%^T* 

(N2 SitS-Ca 5 <t Ns^S^O. O 5 c c rru O. 10 
c cm. JBLlfO. 15c cm) iZ^^X, £f=* I n 
3 9%£ O. 05ccmt\ ^FIB 

*u WaaiTOtt-c. ^n^co^fiu-tPISitcDPL 

*«<t P S9CD^f^^ (6) ^t, 

(9) |Z^L*=« 090^77 (6) (9) 

[ie] 



(7) 



!f$H2 002-1 1 8329 



G a N A s '< 0 7 : In3 7%, NS£S 0 . 0 5 c c m 









( "C) 


(/IB) 


(a.o.) 


500 


1. 243 


0. 52 


550 


1.24 


0. 96 


600 


1.219 


2.2 


650 


I. 206 


2.7 


700 


1. 198 


5.5 



[«7] 

GaNAs'<'J7 : I n 3 7%, N8IS0. 1 0 c c m 









( 


(#m) 


(a. o.) 


500 


1. 279 


0. 24 


550 


1. 274 


0. 45 


600 


1.253 


1.4 


650 


1.234 


2 


700 


1.226 


2.4 



GaNAs'OJT : I n 3 7%s NSESO. 15ccm 





»S 




( «C) 




(a. a. ) 


500 


1.348 


0. 03 


550 


1.336 


0. 29 


600 


1.328 


0. 38 


650 


1. 296 


1. 23 


700 


1. 262 


1. 83 


[S9] 

2 a N A s /< U 7 : In3 9^ NS£I 






PL5§t& 


( 


(#m) 


(a. u.) 


500 






550 


1. 24 


0. 09 


600 


1. 226 


3.7 


650 


1. 221 


3.9 


700 






[0030] GaNAs@i 





**v*;U/£fiJI<&PL&jgte{£l^ 6 5 0°Cl^±t 



#Pi^)Jlfi£A ( Gao. 63 1 n 0.37No.009 Aso.975 S 
b 0.016 W%£M0)$&f$Lti*G a No. 018 A so. 982 
*^#P«3t*«S*1±fc^ 6 5 O^MIt^C 
t\z±i) % @90^77 (8) (r^-rj:^^. PL;M 
1*1. 3 O jL/m##P>*U PL^Stlfil. 2 0/im 
^I(DGaAs/^'J7 L>— tf £ ISfSf^gO) P L & 
Jg*M#^;h,f::o g!9CD^^^ (8) T:te. COffi^CD^ 
tt^lCfclN-C. ^frt>. 5 5 0°C % 6 0 0°C. 6 50 

[003 1] mVM-tt^ #Pl0JfiS*Ga O .63l n 
0. 37NO. 009 A so. 975 S b 0. 016"^^ '< l )7M 
0MSGaNo.o18 Aso.982 (Ag = 1. 0 8// 
m) THtJ$U tfL&&e 5 0°CT'mmmT&t^{Z& 

v. mso?^? (s) ic^-r^ai^ PLtstti. 

3 0jum^»b^ 3 0//mt*(DPLaSt,a 

61. 2 O mftSOG a A s / < 'J 7 L/-1f i: (ill |^ 
*IJ£ P L «b *L So 

[0032] Ga NAsA'JTCcfc^t P L^gA<fS)± 

tt^[fi3JlLTC^S^t>r*^5S<^#Xt>^^So fit, G 
30.63 I riO.37No.009 A so. 975 S bo. 016 /Ga N 
0.018 Aso.982 ~ S Q W U— if I) „ ^P— 

hU— tF^f^igL/z^C^. «Sl900/imt 
570A/cm2 £ L £ l^ttBSEttfttf* t>*t 

[0 0 3 3] i9MI1 ^t>S9|C^-Tir— £ 

#U O. 3 5%. O. 6 3%. RXfO. 9 0%<7)Ga x 
I ni- x A s i-yi-y2N y i S b y 2#P^l t. G a A s/<»J7 

7>-^CU, PLfc*£PL&g<h(D§i«£5Rtf>*: 
@10£*§*: 0 I nffljj|3 7%t% N$£ 

^rtl^tl. O. 3 5%&lX0. 9 0%(7>Ga x l 
ni- x A s 1-y1-y2Nyl S b y 2#FJI£G a N A s/*'J 7 

>-^I^Lt, P L^S^PL^gtCDS^^^^fct 

[0034] Ga x l n i- x A s i-yi- y 2Nyi S b y 2^F 

s^gti. @i o&i;@i i^t>. jaTosa^fe^c 

(1) G a A s/^'J7i(D^^, # F If CD N O . 
7%5fc;SS(D£^ 6 0 0lC±2 5 < tt«I^o 

(2) GaAsA*'J7i(Di:^ #Flf (ON O. 
7%&L±3%&LT<Dt&. 7 0 0^2 5^X^1^ 
£>. 

(3) GaNAsA^i^t^ #P If <B NffldtlCll 
£|£<. 7 0 0^2 5^X^1^0 



(8) 



<$M2 O O 2 - 1 1 8 3 2 9 



[0 0 3 5] iiL±o>mmR.ifmm&ma%mfrk>. se* 

j&gl. 2//rrvi$0)lll mtti nfflj$3 0%Jil±C0Ga 
I nAs^lt. vSljafiEitO. 3%jy±.0. 8%JUT 
©fEIHT? S b tLTGa I nAslffl^fiffl 

BHcjSlOU Ga I nNAsit'li. VfiillfljSJtO. 2 
%\cl±2. 5%JaTCOS5fflroS b£1Sj£5c^<t LTGa 

T. N<DV8i*&j£ifcl*. 3%5fcgS-C?fc<5. 09<Dfl&T? 

1. 3 VmT-0H&.L&l^mmtfmz&%tl3;&o -CD 
Bg. GaNAsliGaNy Asi-y (y<0. 05) $ 

[0 0 3 6] *-CT% Jil5aW^fiE-r«>fci6lC, _t& 

T. 3M ©SeBJji:*?) I*. GaAsSfc-tfr. #£S£ 

ftfiStSti§*«S;t-c. s«i^iE5E-r.s^i?ii^u— (fit* 

HA<. III 81+ CO I n Jfl/SA* 3 O %&.-t(D G a x I ni- x 
Asi-,Sby#Pi (O. 003SySO. 008) £ 

3£3fe2fcfi*< 1 . 1 8 //mJJLLT&S. 

[0 0 3 7] *^IB(-«-5»J<7)^#tt:U— fm* (fel 
T. m 2 0>SEW £#?)(*.. GaAsSffi-tlz. ft£#6 

JfA<. III 8s*<D I nfflj£*<3 O%JJL±0>G a x I n|- x 
A s i-yl-y2 N y1 S b y 2#FS «IL. 0<y1<0. 
03. 0. 002Sy2S0. 06) ^-TSm-Xli 

zmm. : f-#F&mk Lx^tiixi^^zt^nwit l 

Tt^£>. m2fl)f£IST?f*, Ga I nNAsSbtFi 
<k. GaN y As (y<0. 05) ttMJl <h C 
. 3//mlSLt<DU— ifjfc£SE 

[0 0 3 8] tfm^ 
(KIT. l30«Wtf ?) I*. GaAsSSll:. jt 



t. gmz^frtsTsftizi,— ztsmmmm 

-Sji&tfclf £$:{ru S4Lfc**6l/-!f3t 

I25£teJf;b<. III m*0) I nfflj$Jb<3 0%KLt<DGa x 
I r>i- x A s i-yi-y2N y i S b y 2#F@ (41 L. 0<y1 

<o. 03) ^^-r-sm-xii^aa^peijSirL-c 

tetfLtSil. W&mtt. GaN y Asi- y (0<y<0. 0 
5) Mt LXterfLZHXl^&Zt&nmt LT^-S. 
[0 0 3 9] *S£I?HIC&-5¥3H*U'— »f^<D^ 
S^l*. Ill 81*0)1 n$Sj£j!><3 O%JjLt<0G a x I 
ni- x A s i-yS b y #FI (.13.L. 0. O 0 3 ;S y < 
0. 0 0 8) £^-r£*-Xl*£mST#P<8£<Z>jSt£ 

[oo4o] mizit. *&mzgkz%]o>!¥-mttis— 

^Ott&TS&te. Ill m*P0>\ n*Bfi£>b<3 0%fcLt©G 
a x l n)- x A s i-yi-y2N y i S b y 2#FI MIL. yl 
<0. 03. 0. 002gy2^0. 06) S^fTS* 

[oo4i] xftwizmzwizmom-mtois-if 
m=Fo^ysmit. in «i*o) i n«a^*<3 o%ja±(o 

Ga x l ni- x A s i-y)-y2N y i S b y 2#F^ «1L. y 
1<0. 03, 0. 002^y2S0. O 6) £*rf"5 

fe*»*JB«>aH«3tSK«Lfca. Ga x l n H As 
1-y1-y2N y i S b y 2&J s MG) y 1 A*. 0<y1<0. 0 
O7C0it, SB«Jglw5 7 Ot;eiJi6 3 ot;eiT<D© 
H<OagT?^«lSSSfeL. O. 007Sy1<0. 03 
0>t$. mmm&lze7 0T>JZL±7 3 0°OiLTO&mo> 

mmx-%mm&&-rzt£&&£Lx^z>. 

[O0 4 2] fm^to 
ffS^^I*. Ill 8s+<D I n|£j$i6<3 0%El-h<0Ga x 

I ni- x A s l-yl-y2N y i S b y 2#FS ({SL. y1< 
0. 03. O. 002Sy2SO. 06) &t;GaN y 
As H (0<y<0. 0 5) KMB$*-r*#-Xli 
£fifi^#F«it<B;§1±Jl£fiii;L&¥©«:U-- 9*^0) 



(9) 



002-1 1 832 9 



2 s°c&LT<DmmoumT*m«im£M-fzLkZft&k l 

[0043] MlSlt^^lIc):^ 1. 3j/m|Cfc 
l*T. PLSS^»g1. 2nmttia<&Ga AsA f iJ7 

[0 0 4 4] VL±0)%WT*l^ SCH^. JklfA I x 
Gat-x AsSffit^GR I N (Graded Refactive Ind 

ex) -scHm&oi^froxmc&tbm&iz^mmT: 
trm^. Rxsmib^m^um^ (bh) 

llt^CtlCj:^ ?M9 8 0 nmSs 1 480nm 
1 5 5 O n 1 6 5 0 n m®(D¥St* If St 

[0 O 4 5] 



G a I n A s S b 0)3H*fc 

^V^^&C&A s H 3 
G a I n A s S b (EJ&gil/g 
S bO)77^^X 
&Jfl£. fXV-XMBE^ MBEl CBEl M 
O C V D mOl^-ftifrlZ & o TI e* 4ri"WU3Eft-r 

[0 0 4 7] H^Lttt^ *jt»^ffi«(D*a«*U— 

Lt, H2 6Jbl:il±* p«lgatAu- 

Z n£fcl*T i /P t/Au^<D«B&BK**&5*- 
-S^^tttffiWftiK **:n-Ga As*fil 2 
(7>a®l-li. niiStLTAu-Ge/N i/Au0 

*3tttraffl«-ei*. Afi«ft£ 2 o o//m<h u Itr 
SI£S$7 8%, ^@SI^^9 5%OHRn- ^r-f 

[0 0 4 8] f Lt, ^(*U-tf^Hf^S*^>^ 

0 ^0)^35 L^l^ffil* 6 mA. 2 0tA>b7 0 e CG)L# 
iM£<D?#f£agl;*2 5 6 K. ^fc. cw&g&^tem^ 
t-1. 2 O/imTr&o/ro Stft&fl&BSS L 

Ga I nNAsSblOlb^^y 



1 . 2 /i nrv^G a I n A s S b U— If §t 

^0y<7>^#U-if^T0xe^^ri/^;U^$^-rBr 
a 1 \Zfjk-t& o lZ* ffiJl 100/i mggO) n - G a A s 

(100) 2xic % nau ^m*tLfc. 11 

0. 5/im(Dn-GaAs ( n = 1 x 1 0 18 c m -3) A 
^:?7Ji1 4, ^JSl . 5//m(Dn - I no. 49^ a o. 51 
P (n = 1 x 1 0 18 c m-3) ^7^KH 6. jg»0. 
1 /imCOGa AsfflCMil 8. Ga I nAsSb 
i-IWPl^t5SQWiSei2 0, HO. 1 
/imOGa As5felBi:^^2 2, S^MJll . 5 m 
(Op — I no. 49G ao. 51 P (p = 1 x1 O^c m _ 3) £ 
7^ KI2 4, gf O. 3//m(Dp-GaAs (p = 3 
xlOl9 C m-3) □>^^Ki2 60lISil$tt 

[OO 4 6] SQW|Stti2 0lt S$g^2. 8 2%(D 
GaO. 61 I no. 39A so. 9968S bo.0032S : F^ : P^ — ^ 
frh>mtiL£tl. #Wmm\t7. 3nmt« 0 



: 9 . O x 1 0-5jorr 
: 4 6 

: 8. 5x1 QSjorr 

: 2. 1 j/m/h 

: 2. 0x1 0-?Torr 

[OO 4 9] ^agft: U-1»KT-<Pasitt»tt« 2 
**3t*1. 2 5-1. 3/imjGa InAsNflft 

*nmi&mmo>¥mi* u— if m^o>x tf * *->^;nft3g 
*3FTRiEH-c**. «xx»fifla>¥«(»u-ifx?- 
3oit [g2 d^-r^aic. uss^n^i 

IfSi^-l O0Ga I n As S bf-i^piStf^ 
SQWiStti2 OlCft^T. Ga I nAsNSbl-i 
T#Fl^tt^ S QWiSi 3 2 £{I*_TL>&C £ £ 

m^x. ns^net 1 o>#^** u— if 1 o<t^i:« 

f££<t*-TL*£ 0 SQW^ttl3 2li. frt&mz. 7 5 
%<DGao.61 I no.39A s 0. 9796 No. 0044 S bo. 016 § 

So 
[O O 5 O] 



9. 5x1 0"5Torr 
4 6 Q°C 



(10) 



$$g|2 O O 2- 1 1 8 3 2 9 



G a I nAsNSb OZ&ljlJt 
N2 <D77V$* 

[0051] nni&iBim2<»¥mtois—*fm=?-3otm 
i:*jsto>Kfta*fl«Lfc. fit, vm* 

2 0°C<7>m3tL£lMSl* 1 OmA. 2 0°C 
^t>8 S°C<DL£l^<Dft&%Lm*l 5 7K. C 

n N A s I^lft U-f a)S§ft|tt3 < , fro. 
[0 0 5 2] Ht6ff£S8«2-ei4. CW^SjMAM. 2 
^tHU IllGaNy Asi- y (N<0. 05)/< 

Mf^F (MOW) aHtCiAl*. *fc* XttKUtt 
1&tf2tli, SttiiLt, I n««A<3 9%(Dt<& 
*fflU*fc*<. C<D I n 1 5%»64 5%lgt*j5> 

[0053] XltiElttftl 1 Atf 2 a>**#F*J*TN*. 
/<'J 7J1 <t LtG a A s XG a N A s l*J|£JSlvci\S 
S3Rt*a6fcGa 1 nAsPT46lV £/c. %H 
C&#>^l£ LTG a A s ^$-^l>TL^^^ % SCHgil 
(DftfrUI^A l X Gai-x As^ffllNfcGR I N (Grad 
ed Refactive Index) — S C H<85a"C : ti fil> 0 *? 7 V K 
ittAIGaAs-etfil^o *»»B«1 2-C(4. 

am& (bh) Xh7^^*S*l/-if*^t« 
Ga I nNAsSbffplfl?! tf$r 



: 8. 5x1 0"5Torr 

: 2. 1 //m/h 

: 2. 0 x 1 0"6Torr 

[0 0 5 4] ggflggHg 3 



T. Si 2l**j|»»IB«a)ffi»*S*»(*U— IfSRT 

aitjs**'rMM« ami 3\t*mmi&mwo)w& 
i&mmo>mmtm*mi* is-vm* so\t. i . 3 # m 

SGa I nNAsSb/GaNAs^ttltnS^ 

*s*a(tu— tffn^-efeot. hi 21=1^^-^51^. 

n-G a Asgfi8 2G) (100) ®&E®±C:. j^ff 
O. 5 fl m<D n— GaAs/^'V^7^ ( n = 1 xl 0 18 
cm-3) 8 4. inf*l<OS0lSA<A/4n (Alt* 
&& ft* n I4®5t^) (Dn-GaAs/n-Alo.9 G 
ao.1 AsO3 0^b^TaDBR57"-8 6, 
111 5 0 nmCD/ > K— ^G a A 6T»>77 KM 8 
8. 1^*^19 0, Biff 1 5 0nmfl)/>K-? 
Ga As-t»*^? KS9 2, **V-e*UDB(DffS*< A 
/4n (Ali&ffi&ft. nl*B3r*) <7>P~A I 0.9© 
ao.1 As/p-GaAs02 5K7^bftS±SiiDB 
&tfmi OnmCDp-Ga As+-V7 

^ji 9 6 <DSH«^*ii^r i*&o 

[0 0 5 5] Ml::. i*L<l*. Si 3(-tfT <fc3Ci. T 
SDBR 57- 8 e<b— ^TMi. H94nm(Dn-G 
a A s t . 1 1 0 n mtf) n — A I o. 9 Gao.l As 

[ o o 5 6 ] ^ttji 9 o <D^pm&xfmmm 

f£. MIS 7 n mOG a o. 63 ' "0.37 No. 009 

A so. 975 S bo. 01 6 1- RlfMM2 O n m(DG a N 
0.018 A s 0 . 982 JI-e*gj££*l. #pai*2T?W 0 

*^-WUJ$ftgHfr 



^77^|(DAsH3 CO 37^ 
Ga I nAsNSb <7>J?£ftjtJg 
N2 (Dy^p^^X 

RgfllitfCgMllS* 1 OtfHUSLfc. 

[0057] p-±SDBR57-940-'<7lt IK 
Hi 1 O nmOA I o. 9© a 0. 1 As <bll9 4 n mCO 
p-GaAst'M**lU^. fit. p-±£BDB 
R57-9 4 0>gTJf I*. HJSl 1 0 nm(DA 1 o. 9G 
ao.1 AslCft^T. 2 0 nm<&A I Asl98^, I 
I90n m(7> A I 0. 9 G a 0. 1 A s Jf <fc "e«^E**ir I* 
T. ^-r^«k5(w. l^^bCOA I A sj§9 8^t>£6 
m3S2£A»l*£. i^AH^U^OlS^A I AsJi 



: 9. 5X1 0~5Torr 
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16 R$1i^mOn- !no.47Gao.53P{n = 1 x 1 o^Scm -3 ) £ 3 KB 

18 ^ m(Z>GaAs3feEE Ci*£>@ 

32 ffi®^2.75%fl>GaO£lln039A80579SN0.«mSbOJHB^— *=F#P® 

22 K»0.1^m<DGaAs3feSi:a«)© 

24 KSl^/im{Dp-lno^47Gaos3P(p = 1 x lO^em -3 )^ ^ ? KS 

26 a*0^//m(Dp-GaAsCp=3xio ia am- 3 )zj>^^ hS 



(13) 



!£§g2 002-1 1 8329 



[S3] 




40 *3t«Sl^^m^ft*(7>SSGalnAs^^U~-y i *^(DXtf^^ 

42 n-GaAs(100)®£te 

44 BHU).2<i m©n-GaAs/W^TJB 

46 KW1.5ff mCDn-lnGaP^^ v KS 

48 J^O/l3 0m0>GaAsjfcEH£&&3 

50 GalnAs ^tiiS 

52 KJ30.13#m<DGaAs5£Ri;&a&B 

54 Effl.SffmOTp-lnGaP^v^ KS 

56 13^0.35;/ mOp-GaAs 3 hffl 



[@4] 




60 -r^KSfBaJS* 

62 n-GaAs(100)©£& 

64 ESO^/f m(©n-GaAs(n=2xio 17 cni*-3)/<«y^7® 

66 K»0.25 um<Dn- !no.47Gaos3P (n=3 x 1 o f T cm -3 ) t?^~t KJg 

68 K&0.13/£m(DGaAs3fegH:$L*>ia 

70 GaJno^AsSb/GaAsJ^-S^-#FBSH® 

72 ^0J3jfm<DGeA3#ffli:&tf>S 

74 S^0^5^mOp-lno.47Gaas3P(p=5xio ,7 cm- 3 )^^^ Kg 




(14) 



15632 002-1 1 8329 




[B9] 



10 L . I ■ I , I I I t I ■ 1 I ■ I 
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(1) — ln37%N=a05ccm, GaAs barrier 

(2) - ■ - ln37%N=aiOooa GaAs barrier 

(3) ln37%N=0.15ccm, GaAs barrier 

(4) ln39%N=a05ocn\ GaAs barrier 

(5) t 1n39%N=0.10ccm, GaAs barrier 

(6) — o— ln379*N=a05ccm, GaNAs barrier 

(7) — o~ ln37%N=0.10ccm, GaNAs barrier 
(6) -o- 1*37% NWU Seem, GaNAs barrier 
(9) —y— tn39%N^a05ccm, GaNAs barrier 



[01 0] 

10 L T IT I' I C 1 " [ I I I | I I I | I 1 I J I I > | I I I f I | I _ 




0.01 I ■ ■ ■ I ■ > ■ I » ■ » I ' ■ ■ I ' . » » ■ . ■ I ■ . . I ■ ■ . 1 
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Wavelength (//m) 

CD — •— ln37%. N=0.S5%, GaAs barrier 
C2) - m- -In37%, N=0.639t, GaAs barrter 
C3> - ♦ -In37%, N=O^096, GaAs banter 
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